In nature, eight substances have been found to have vitamin E activity: a-, b-, g-, and d-tocopherol; and a-, b-, g-, and d-tocotorienol.
Melanin is synthesized by tyrosinase and other enzymes in the tyrosinase family, such as tyrosinase-related protein (TRP)-1 and TRP-2, in melanosomes. We previously reported that the decrease (35%) in the melanin content of mouse melanoma B16 cells treated with 50 mM d-tocotrienol for 24 h was the result of a decrease in the level of tyrosinase. 13) d-Tocotrienol might also be useful as a therapeutic or preventive drug for hyperpigmentation and as a component of whitening and/or lightening cosmetics not causing severe side effect (reduction of cholesterol content and release of lysosomes/melanosomes), although 50 mM dtocotrienol for 24 h caused a decrease in the level of mevalonate pyrophosphate decarboxylases, an enzyme involved in cholesterol biosynthesis. 14) Kamei et al. reported that d-tocopherol has cytotoxicity, although it shows antimelanogenic activity at a low concentration long term (72 h). 15) Although in number and position of methyl groups on the chromanol ring, of d-tocotrienol is similar to d-tocopherol, d-tocotrienol possesses a farnesyl instead of a saturated phytyl side chain. Therefore, the antimelanogenic activity of d-tocotrienol and d-tocopherol seems to relate to the number and position of the methyl groups on the chromanol ring. Treatment with d-tocotrienol long term may also show cytotoxicity.
Thus, we investigated whether treatment with d-tocotrienol long term causes cytotoxicity, and also the dose-dependent effect of d-tocotrienol on melanin levels in cells. Furthermore, we examined whether other enzymes producing melanin, tyrosinase related protein-1 (TRP-1) and -2 (TRP-2), are involved in the decrease in melanin content.
MATERIALS AND METHODS

Materials
The d-tocotrienol (98.7%) was obtained from Eisai Food Chemical (Tokyo, Japan). The cholesterol E-test Wako kits were from Wako (Osaka, Japan), Dulbecco's modified Eagle's medium (D-MEM) from Gibco (Tokyo, Japan), B16 cells from RIKEN (Ibaraki, Japan), rabbit anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) immunoglobulin G (IgG), rabbit anti-TRP-2 IgG, goat anti-tyrosinase IgG, goat anti-TRP-1 IgG, and goat anti-lactate dehydrogenase (LDH: C-17) IgG from Santa Crutz Biotechnology, Inc. (Santa Crutz, CA, U.S.A.), rabbit anti-goat IgG conjugated to horseradish peroxidase from Invitrogen Corp. (San Clemente, CA, U.S.A.), and goat anti-rabbit IgG conjugated to horseradish peroxidase from Invitrogen Corp. (Carlsbad, CA, U.S.A.). All other chemicals were of reagent grade, and purchased from commercial sources.
Melanoma Cell Line B16 cells were diluted to 1.5ϫ10 6 per 35-mm tissue culture dish with D-MEM containing 10% fetal bovine serum (FBS), and then incubated in humidified air containing 5% CO 2 at 37°C for 24 h. In some experiments, the cells were shifted to 1 ml of D-MEM containing 10% FBS in the presence of 25 or 50 mM d-tocotrienol (dissolved in 1 ml dimethyl sulfoxide (DMSO)) for 48 or 72 h. One milliliter of D-MEM in the absence or presence of d-tocotrienol was exchanged at intervals of 1 d. Preparation of Samples B16 cells incubated on 35-mm dishes were washed several times in cold D-MEM. On the day of the experiment, the medium was aspirated from the culture dishes, and the cells were washed twice with 1 ml of ice-cold phosphate buffered saline (PBS). Next, 600 ml of homogenate buffer containing 1% triton X-100, 0.5 mM phenylmethylsulfonyl fluoride (PMSF), 10 mM 2-mercaptoethanol, 1 mM ethylenediaminetetraacetic acid (EDTA), and protease inhibitors (1 mM leupeptin, 1 mM pepstatin A, 1 mM chymostatin, and 1 mM antipain) was added to the cells, which were then scraped off using a rubber policeman. The solution of B16 cells was homogenized with 5 strokes in a Teflon homogenizer. After centrifugation for 5 min at 10000ϫg, the post-nuclear supernatant (PNS) was used to assay tyrosinase activity and for immunoblotting.
Protein Assay Protein levels were measured by the method of Lowry et al. using bovine serum albumin (BSA) as the standard. 16) Melanin Content Two hundred microliters in 600 ml of PNS was used to measure melanin content. After centrifugation for 5 min at 10000ϫg, the precipitate of cells dissolved in 300 ml of alkaline solution (0.2 N NaOH) and incubated at 80°C for 1 h was used to measure melanin level. The amount of melanin was measured with a spectrophotometer at 420 nm.
17)
Tyrosinase Activity Twenty microliters of a 0.3% dopa solution was added to 10 ml of supernatant (PNS) and 70 ml of PBS, and incubated at 37°C for 90 min. Tyrosinase activity was measured with a spectrophotometer at 475 nm.
18)
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Immunoblotting SDS-PAGE was performed on 10% slab gels according to the method of Laemmli. 19) Proteins on the SDS-slab gel were transferred to a nylon membrane (NEN) by electrophoresis, using a modified version of the procedure of Towbin et al. 20) Positive bands were visualized using ECL Western blotting detection kits (Amersham Pharmacia, Amersham, U.K.) that contained a sensitive chemiluminescent substrate for horseradish peroxidase. Statistics The statistical difference between results obtained at 0 and 25 mM, or 0 and 50 mM at the same time points was carried out using Student's t-test. The statistical analysis for time (48, 72 h) or concentration (0, 25, 50 mM) was carried out using an analysis of vaiance. Data are presented as the meanϮS.D. showed cytotoxicity. The amount of protein in cells treated with 25 or 50 mM d-tocotrienol for 48 or 72 h was similar to that in untreated cells. The amount of LDH quantified using GAPDH as an internal control was also similar to that in control cells (Figs. 1B, C) . These results indicated that cells survived treatment with up to 50 mM of d-tocotrienol for 72 h. (Fig. 2A) . The melanin content decreased by 44% or 50% for 48 h, 14% or 21% for 72 h by treatment with 25 or 50 mM d-tocotrienol, respectively, compared to control cells (Fig. 2B) . (Fig. 2) .
RESULTS
The Effect of d-Tocotrienol on Protein and LDH Levels in Cells
The Effect of d-Tocotrienol on Melanin Levels in Cells
The Effect of d-Tocotrienol on Tyrosinase Activity in Cells We examined the dose-dependent effect of d-tocotrienol long term on tyrosinase activity in cells. Tyrosinase activity decreased by 50% and 75% at 48 h, and by 25% and 50% after 72 h, in cells treated with 25 and 50 mM d-tocotrienol, respectively, compared to control levels (Fig. 3) . Tyrosinase activity significantly decreased on treatment with 25 or 50 mM d-tocotrienol for 48 h and 72 h. Therefore, tyrosinase activity was significantly affected by the concentration of d-tocotrienol (pϽ0.0000000001) and period of treatment (pϽ0.000001) (Fig. 3) .
The Effect of d-Tocotrienol on Tyrosinase Levels in Cells
We examined the dose-dependent effect of d-tocotrienol long term on the amount of tyrosinase in cells. The amount decreased by 20% and 45% at 48 h, and by 75% and 80% at 72 h in cells treated with 25 and 50 mM d-tocotrienol, respectively, compared to that in control cells (Fig. 4) . The amount of tyrosinase significantly decreased on treatment with 50 mM d-tocotrienol for 48 h and 25 or 50 mM d-tocotrienol for 72 h. The decrease was dependent on the dose of d-tocotrienol. Namely, the amount of tirosinase was affected by the concentration of d-tocotrienol (pϽ0.000005) and the length of the treatment (pϽ0.005) (Fig. 4) .
The Effect of d-Tocotrienol on TRP-1 and TRP-2 Levels in Cells
We measured the amounts of enzymes producing melanin using immunoblotting, to examine whether the decrease in melanin content was caused by a specific effect on tyrosinase, or TRP-1 and TRP-2 are also involved. The amount of TRP-1 decreased by 42% and 82% at 48 h, and by 78% and 77% at 72 h in cells treated with 25 and 50 mM d-tocotrienol, respectively (Figs. 5A, B) . Treatment with 50 mM d-tocotrienol for 48 h significantly decreased the amount of TRP-1 (Figs. 5A, B) . Although treatment with d-tocotrienol for 72 h markedly decreased the amount of TRP-1, the change was not significant. Therefore, the amount of TRP-1 was significantly affected by the concentration of d-tocotrienol (pϽ0.0005), but not by the length of treatment (pϽ0.068) (Figs. 5A, B) .
At 48 h, the amount of TRP-2 increased by 20% at 25 mM d-tocotrienol, but significantly decreased by 52% at 50 mM (Figs. 5C, D) . At 72 h, the amount of TRP-2 significantly decreased by 55% and 75% on treatment with 25 and 50 mM dtocotrienol, respectively. Therefore, the amount of TRP-2 was significantly affected by the concentration of d-tocotrienol (pϽ0.05) as well as the period of treatment (pϽ0.01) (Figs. 5C, D) .
DISCUSSION
We previously reported that melanin content, and tyrosinase protein levels were significantly reduced in cells treated with 50 mM d-tocotrienol for 24 h, but not tyrosinase mRNA levels, and that melanin content, and tyrosinase protein and mRNA levels were significantly reduced in cells treated with 100 mM d-tocotrienol for 24 h, indicating both 50 mM and 100 mM d-tocotrienol to be no cytotoxic. 13) In the present study, the amount of protein in cells treated with 50 mM d-tocotrienol for 48 or 72 h was similar to that in control cells, however, the amount in cells treated with 100 mM d-tocotrienol for 48 h decreased by 60%, as compared with control values. It was reported that a tocotrienol-rich fraction from palm oil, but not alpha-tocopherol, reduced the viability of activated pancreatic stellate cells by setting up a full death program, independent of cell cycle regulation, and activated pancreatic stellate cells died both through apoptosis, as indicated by increased DNA fragmentation and caspase activation, and through autophagy, as denoted by the formation of autophagic vacuoles and LC3-II accumulation. 21) From these results, it was suggested that the cytotoxicity in cells treated with 100 mM d-tocotrienol was caused by apoptosis (decrease in mRNA level) and autophagy (increase in degradation of protein) from 24 h onward. Therefore, 50 mM may be the optimum concentration of d-tocotrienol for reducing melanin content.
Kamei et al. reported that d-tocopherol has cytotoxicity, although it showed antimelanogenic activity at a low concentration long term (72 h).
15) It was thought that d-tocotrienol permeated the cells, as the side chain of d-tocotrienol and dtocopherol is a farnesyl group (containing a double bond) and a saturated phytyl group (not containing a double bond), respectively. However, cells treated with 50 mM d-tocotrienol for 48 or 72 h showed no cytotoxicity in the present study. The difference in cytotoxicity of between d-tocopherol and d-tocotrienol might be due to the experimental conditions. We In the present study, the maximal decrease (50%) in melanin content caused by the decrease in enzymes of melanin biosynthesis was obtained after 48 h of treatment with 50 mM d-tocotrienol (Fig. 2) . The amount of TRP-1 and TRP-2 as well as tyrosinase was also significantly decreased by 50 mM d-tocotrienol after 48 h (Figs. 4-6) . Therefore, the decrease in the melanin content of cells treated with 50 mM d-tocotrienol for 48 h was caused by a reduction in the amount of TRP-1 and TRP-2 as well as tyrosinase. We previously reported that tyrosinase degradation is more important than the decrease of mRNA, as cells treated with 50 mM d-tocotrienol for 24 h was caused the reduction of protein level of tyrosinase, but not mRNA level. 13) From these findings, it was suggested that the degradation of melanosome may be caused by the bulk degradation of transient autophagy induced by d-tocotrienol. The results may be caused by the decrease in melanin synthesis-related enzymes.
Treatment with d-tocotrienol induced dose-dependent decreases in melanin content, tyrosinase activity, and amounts of tyrosinase, TRP-1 and TRP-2 (Figs. 2-5) . However, the effect of the length of treatment on melanin content (pϽ0.5) and the amount of TRP1 (pϽ0.068) was not significant, although that on tyrosinase activity, and the amounts of tyrosinase and TRP-2 was (Figs. 2, 5 ). From these results, it was suggested that the inhibitory effect of d-tocotrienol on melanin content may be decreased from 72 h, although the reason for the increase for 72 h remains unclear. It was reported that the level of cyclin D1 in cells treated with d-tocotrienol decreased for 24 h, however, it was increased at 72 h as compared with 24 h. 22) It was also reported that two forms of tyrosinase existed in B16 mouse melanoma cells. 23) One form was present in the microsomal fraction though not in melanosomes. 23) In the present study, the amount of tyrosinase decreased with time, although a decreased rate of tyrosinase activity and melanin content increased with time. From these findings, it was suggested that the increase in melanin content at 72 h was due to an increase in an isozyme of tyrosinase (not reacting with our antibody) and other enzymes involved in melanin biosynthesis or by the production of novel melanosomes from the microsomes. Further studies are necessary to understand these mechanisms.
In conclusion, d-tocotrienol at up to 50 mM dose-dependently caused a reduction in melanin content by reducing levels of TRP-1 and TRP-2 as well as tyrosinase, and showed no cytotoxicity.
